Spiral organisms were isolated from an antral gastric mucosal biopsy specimen from a dyspeptic patient with gastritis. Only corkscrew-shaped organisms resembling "Gastrospirillum hominis" ("Helicobacter heilmannii") but no Helicobacter pylori-like organisms were seen in histological sections. H. pylori was not cultured from specimens from this patient. On the basis of biochemical reactions, morphology, ultrastructure, and 16S DNA sequencing, the isolated "G. hominis" was shown to be a true Helicobacter sp. very similar to Helicobacter felis and the "Gastrospirillum" but was separate from H. pylori. "G. hominis" is a pleomorphic gram-negative corkscrew-shaped, motile rod with 3 to 8 coils and a wavelength of about 1 m. In contrast to H. pylori, it has up to 14 sheathed flagellar uni-or bipolar fibrils but no periplasmic fibrils. "G. hominis" grows under microaerobic conditions at 36 and 41°C on 7% lysed, defibrinated horse blood agar plates within 3 to 7 days and can be subcultured under microaerobic but not under anaerobic conditions on media similar to those used for H. pylori and H. felis. The small translucent colonies were, in contrast to those of H. felis, indistinguishable from those of H. pylori. "G. hominis" is, like H. pylori and H. felis, motile, is oxidase, catalase, nitrite, nitrate, and urease positive, and produces alkaline phosphatase and arginine arylamidase. Like H. pylori and H. felis, it is sensitive to cephalothin (30-g disc), resistant to nalidixic acid (30-g disc), and sensitive to most other antibiotics. The 16S DNA sequence clusters "G. hominis" together with "Gastrospirillum," H. felis, Helicobacter bizzozeronii, Helicobacter salmonii, Helicobacter nemestrinae, Helicobacter acinonychis, and H. pylori.
Curved and spiral organisms that cause inflammation of the gastrointestinal mucosae of humans and animals have been described regularly during the last century (2, 3, 9, 26, 33, 43) . Thus, Lockard and Boler (26) described three types of spiral organisms in the gastric mucosa of dogs. Doenges (9) described two types of microorganisms in the human gastric mucosa. These were curved rods that were similar to the human microorganism Helicobacter pylori and spiral microorganisms that resembled spirochetes. Until the last decade, the majority of these curved and spiral microorganisms had not been recovered in culture. There has been great interest in these microaerobic microorganisms from the gastrointestinal mucosa since Warren and Marshall (42) first described the culture of H. pylori in 1983 and showed the relation of H. pylori to peptic ulcer disease in humans (27) . Several Helicobacter species isolated from both humans and animals have been cultured and identified (6, 8, 11-13, 15-17, 18, 25, 29, 31, 34, 39, 40) .
In 1987 Dent et al. (7) described corkscrew-shaped organisms in the human gastric mucosa and proposed the name "Gastrospirillum hominis" (28) . "G. hominis" has been described in histological sections by several investigators (10, 14, 19, 22, 30) , having a prevalence of 0.2 to 0.6% in Europe and up to 4% in China in patients with dyspepsia and occasionally in patients with peptic ulcer. "G. hominis" is usually found in foveolae of the gastric mucosa in association with inflammation and has been observed in parietal cells. They are usually less adherent to the epithelium than H. pylori. A causal relationship between gastroduodenal diseases and "G. hominis" has not been confirmed. Solnick et al. (36, 37) succeeded in determining the "G. hominis" 16S sequence from human biopsy specimens by PCR amplification of the 16S rRNA gene (rDNA) in the biopsy specimens, and the name "Helicobacter heilmannii" was proposed. A recent study indicated that mucosa-associated lymphoid tissue lymphomas are more prevalent in patients with H. heilmannii infection than in patients with H. pylori infection (41) .
In this report we describe the culture, biochemical characterization, and ultrastructural histopathology of a "G. hominis" strain from the human gastric mucosa.
MATERIALS AND METHODS
Culture. Four gastric biopsy specimens, two from the antrum and two from the corpus, from a 23-year-old male patient with persistent dyspepsia (22) were transported in serum broth (Statens Serum Institut, Copenhagen, Denmark) and were grown on nonselective, 7% defribrinated, lysed horse blood agar plates (chocolate agar plates; Statens Serum Institut) within 4 h after endoscopy. The plates (primary culture) were grown in an anaerobic chamber with 5% O 2 , 10% CO 2 , and 85% N 2 and without H 2 in an atmosphere with 95% humidity at 36°C for up to 7 days. The bacteria were subcultured on agar base, brucella agar, brucella agar with 1.5% NaCl, brucella agar with 1% glycine, brucella agar with trimethylamine-N-oxide hydrochloride, and lactose agar, in addition to those media mentioned in Table 1 . The bacteria were grown both aerobically and anaerobically on the same media and under the same conditions, as well as under the microaerobic conditions presented in Table 1 .
Bacterial strains. The cultured "G. hominis" strain was compared with H. pylori CCUG 17874 and Helicobacter felis CCUG 28539.
Morphology. Four gastric biopsy specimens were stained with haematoxylineosin and periodic acid-Schiff stains for histological examination (22) .
For transmission electron microscopy, bacteria grown on agar plates for 2 to 7 days were fixed with glutaraldehyde. The colonies were detached, and after 10 min of centrifugation at 3,000 ϫ g, the precipitates were enrobed in melted Noble agar (Difco). Small cubes with visible clusters of cells were transferred to 3% glutaraldehyde and were fixed overnight at 4°C. The specimens were postfixed in 1% (wt/vol) OsO 4 and stained en bloc with 2% (wt/vol) uranyl acetate in barbiturate buffer. The procedures for the dehydration, embedding in plastics, and the further preparation of thin sections were carried out as described previously (4) .
Negative staining was carried out as follows. A Formvar-coated carbon-reinforced copper grid (400 mesh) was applied, film side down, on a droplet of a culture suspension in phosphate-buffered saline (pH 7.4) and was placed on a strip of Parafilm. The grid was dried on filter paper and was stained for 30 s on droplets of 1 or 2% (wt/vol) ammonium molybdate adjusted to pH 7.4 with NH 4 OH. The excess liquid was then sucked off with a piece of filter paper. Electron microscopy was carried out on a Phillips 201C electron microscope at 60 kV.
Biochemical characterization. The following biochemical test systems were used for fermentation and enzyme reactions. (i) The API Rapid ID 32A (Biomerieux) was used. (ii) Tubes for fermentation contained sterile water with 0.5% ox meat extract, 1% peptone, 0.2% disodium hydrogen phosphate, 0.3% sodium chloride, 0.0024% bromthymol blue, and 0.5% carbohydrate. The following carbohydrates were tested: glucose, lactose, saccarose, arabinose, rhamnose, maltose, mannitol, sorbitol, inositol, adonitol, dulcitol, and salicin (Statens Serum Institut). The test tubes are routinely used for testing of members of the family Enterobacteriaceae. Positive results for the tubes were read as a color change from green to yellow caused by the production of acid. (iii) Hiss medium (Statens Serum Institut) consisted of 1% peptone, 10% horse serum, 0.08% phenol red, and 2% carbohydrate. The following carbohydrates were tested: glucose, lactose, galactose, saccharose, and maltose (Statens Serum Institut). Positive results for the tubes were read as a color change from red to yellow caused by the production of acid. (iv) Brain heart infusion tubes were used for anaerobic fermentation. The tubes contained 3.7% brain heart infusion (Difco), 0.5% yeast extract, 5% lysed horse blood, 0.00005% vitamin K, 0.0005% hemin, 0.05% cystein, and 0.5% carbohydrate. The following carbohydrates were tested: glucose, lactose, saccharose, arabinose, rhamnose, maltose, mannitol, sorbitol, inositol, adonitol, salicin, fructose, cellobiose, mannose, raffinose, ribose, trehalose, xylose, erythritol, esculin, starch, and bile acid (Statens Serum Institut). The pH in the tubes was measured after incubation. (v) Hugh-Leifson medium with 1% glucose was used (Statens Serum Institut). In addition, nitrate and nitrite were tested for by using ox meat broth with 0.02% KNO 3 or sodium nitrite (Statens Serum Institut), and H 2 S was tested for by using triple sugar iron (TSI agar) incubated anaerobically. Indoxyl acetate hydrolysis was tested for as described previously (21) , and sodium hippurate hydrolysis was tested for as described by Hwang et al. (23) .
Susceptibility. The susceptibilities of "G. hominis," H. pylori, and H. felis to nalidixic acid and cephalothin were tested under microaerobic conditions with discs (Biodisc AB, Solna, Sweden) containing 30 g of each compound on Mueller-Hinton agar with 5% horse blood. The susceptibility of "G. hominis" to ampicillin (diffusible amount of 33 g of antibiotic), cephalothin (66 g), erythromycin (78 g), tetracycline (80 g), ciprofloxacin (10 g), nalidixic acid (130 g), rifampin (30 g), amoxicillin plus clavulanate (30 and 15 g, respectively), and metronidazole (16 g) were tested under microaerobic conditions by the agar diffusion method with tablets (Neosensitabs; Rosco A/S, Roskilde, Denmark) on 7% defibrinated, lysed horse blood plates that were incubated for 2 days. The susceptibility of "G. hominis" to amoxicillin, tetracycline, ciprofloxacin, erythromycin, and metronidazole was tested under microaerobic conditions after 2 days by the E test (Biodisc AB). The bacteria were tested with inocula of 10 6 to 10 7 CFU/ml. 16S rDNA characterization: preparation of rDNA, performance of PCR, and cycle sequencing. For 16S rDNA sequencing, a 72-h bacterial culture was picked from a chocolate agar plate, and the intracellular DNases were inactivated by incubation at 80°C. After centrifugation the cells were disrupted in Chelex-100 resin (Bio-Rad) (5) . One microliter of the DNA-containing supernatant was used as a template in a PCR with the first and the last 16S primers ( Table 2 ). The resulting PCR product was sequenced with the AmpliTaq FS Dye Terminator Cycle Sequencing kit (Applied Biosystems, Perkin-Elmer) and the primers indicated in Table 2 . The 16S rDNA sequence of the cultured "G. hominis" strain was compared to the 16S rDNA sequences from 20 Helicobacter species listed in Table 3 . For alignment and phylogenetic analysis, the MegAlign program from the DNASTAR package (Lasergene, Madison, Wis.) was used. The program uses CLUSTAL V (20) for sequence alignment and the unweighted pair group method with arithmetic means (35) combined with neighbor joining (32) for dendrogram construction.
Protein profile. The protein profile of the cultured "G. hominis" strain was visualized and was compared with those of H. pylori and H. felis by sodium dodecyl sulfate-polyacrylamide gel electrophoresis as described previously (1, 24) . Coomassie brilliant blue staining was performed as described by Weber and Osborn (44) . Silver staining was performed with silver nitrate after fixation with 10% glutaraldehyde, and development was performed with 75 l of 24.5% formalin in 100 ml of 3% sodium carbonate. Nucleotide sequence accession number. The GenBank/EMBL database accession number for the cultured "G. hominis" strain is RH53, 418028.
RESULTS

Culture.
Culture of biopsy specimens revealed uniform, small, translucent colonies after 5 days on the primary plates. The colonies were indistinguishable from those of H. pylori. By phase-contrast microscopy two forms of the organisms could be identified: 10 to 15% of the organisms were long spiralshaped rods and the majority were short ox bow-shaped rods that resembled H. pylori. By Gram staining both forms were gram-negative rods. Subcultures of the organisms revealed H. pylori-like colonies (1 to 2 mm translucent convex colonies without swarming) after 2 to 3 days on 7% defibrinated, lysed horse blood agar. A pure culture of long spiral-shaped rods was obtained after subculture. None of the three species grew on blood-free media under aerobic or anaerobic culture conditions. The growth conditions for "G. hominis" resembled those for H. pylori except for the growth on some of the selective Campylobacter media (Table 1) . "G. hominis," like H. pylori and H. felis, did not grow on brucella agar plates with 1.5% NaCl, whether 5% horse blood was added or not. All three Helicobacter species grew on brucella agar with 1% glycine and weaker with trimethylamine-N-oxide hydrochloride when 5% horse blood was added to the plates but not when 5% horse blood was not added. No hemolysis was observed. "G. hominis" grew weakly at 22°C, it grew well at 36 and 41°C, but it did not grow at all at 42°C (Table 1 ). "G. hominis" did not grow under aerobic or anaerobic conditions, but it grew equally well in atmospheres with and without H 2 and thus had no H 2 requirement.
Biochemical properties. The cultured "G. hominis" strain was, like H. pylori and H. felis, motile and positive for oxidase, catalase, urease, nitrate, and nitrite. All three species were negative for indoxyl acetate hydrolase, H 2 S (TSI agar), and indole. The organisms did not produce acid from any sugars and did not hydrolyze sodium hippurate. In the API Rapid ID 32A system the cultured "G. hominis" strain was, like H. pylori and H. felis, positive only for urease, alkaline phosphatase, and arginine arylamidase. "G. hominis" did not hydrolyze starch and grew when bile acid was present.
Morphology. Histologic sections of gastric biopsy specimens disclosed a mildly active chronic gastritis. Long (length, 3 to 8 m) spiral bacteria were identified in the foveolae of the antral mucosa, usually situated at a distance from the epithelium. Bacteria were inapparent in the corpus mucosa. H. pylorilike organisms were not seen. Light microscopy of subcultured "G. hominis" strains revealed corkscrew-shaped organisms that had three to eight coils, that were 3 to 10 m in length, and that had a wavelength of about 1 m (22).
Electron microscopy of thin sections ( Fig. 1A and B) and of negatively stained specimens ( Fig. 2A and B) revealed a mixture of helical organisms that ranged from organisms that were 3 to 8 m in length and from 0.4 to 0.7 m in width down to organisms that were 1 to 2 m in length and rod-like. The wave lengths were measured for 70 helical profiles of "G. hominis" grown from 1 to 5 days in culture and were found to vary from 0.7 to 1.4 m. The wavelength did not correlate with the number of coils or the time of culture. Most of the helical forms were found to be unipolar, and up to 14 sheathed flagellae were seen to originate from the polar end ( Fig. 2A and B) with the characteristic electron-lucent cytoplasmic zone (Fig. 1B) . Small electron-dense granules were found in several of the cultured organisms (Fig. 1A) . Periplasmic fibrils were never found in the helical organisms. A small percentage of coccoid forms were found in "G. hominis" organisms cultured for 5 days or longer.
Susceptibility. Like H. pylori and H. felis, "G. hominis" is sensitive to cephalothin (30 g/disc), but "G. hominis" is resistant to nalidixic acid, (30 g/disc) (Biodisc), whereas H. pylori and H. felis are susceptible to nalidixic acid. By susceptibility testing with Rosco Neosensitabs, "G. hominis" had large zones (Ͼ60 mm) with ampicillin, cephalothin, erythromycin, tetracycline, rifampin, ciprofloxacin, and the combination of amoxicillin and clavulanate and small zones (Ͻ45 mm) with nalidixic acid and metronidazole. The organisms were susceptible to amoxicillin, ciprofloxacin, tetracycline, and erythromycin (MIC range, 0.016 to 0.032 g/ml) and resistant to metronidazole (MIC, 12 g/ml) when they were tested by the E test. The organisms were eradicated from the patient by triple therapy with amoxicillin, metronidazole, and omeprazole.
16S rDNA sequencing. The 16S rDNA of the cultured "G. hominis" strain was aligned to 20 Helicobacter and "G. hominis" sequences found in the GenBank/EMBL database (Table 3) . 
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Due to the limited lengths of some sequences, the analysis included bases corresponding to Escherichia coli 16S rDNA positions 18 to 1488. Intervening sequences in the Helicobacter canis and Helicobacter bilis sequences have been excluded, but hypervariable regions in the 16S rDNA sequences are included so that differences between closely related species can be seen. The cultured "G. hominis" 16S rDNA sequence was most identical to the already existing sequences from "G. hominis," Helicobacter felis, and Helicobacter salomonis, which was reflected in the dendrogram (Fig. 3 ) in which the cultured "G. hominis" strain clustered together with H. felis and the two "G. hominis" strains. Protein profile. Great similarities were seen in the protein profiles from the cultured "G. hominis," H. pylori, and H. felis strains, as shown in Fig. 4 . The isolated "G. hominis" strain seemed, however, to possess a major 23-kDa protein which was absent from H. pylori and H. felis. All three strains seemed to have a protein of 120 kDa, and this protein is assumed to be the cytotoxin-associated gene product CagA in H. pylori.
DISCUSSION
On the basis of 16S rDNA sequencing, the cultured "G. hominis" strain clustered together with H. felis, Helicobacter bizzozeronii, H. salomonis, "Gastrospirillum," Helicobacter acinonychis, Helicobacter nemestrinae, and H. pylori (Fig. 3) . A close evolutionary relationship exists between H. felis, H. bizzozeronii, H. salomonis, and "G. hominis" (29, 36) . The 16S rDNA sequence similarity between the members of this cluster ranges from 93.6 to 98.8% (Fig. 3) . At similarity levels above 97 to 97.5%, 16S rDNA sequencing is not suited for the differentiation of species (38) . The 16S rDNA sequence of the cultured "G. hominis" strain is 96.8 to 97.7% similar to the 16S rDNA sequences from the other species mentioned above. On the basis of this fact, a separate phylogenetic position of the cultured "G. hominis" isolate is possible, but no conclusion can be drawn.
The cluster of "Gastrospirillum," H. felis, H. acinonychis, H. nemestrinae, and H. pylori had a characteristic antibiogram (nalidixic acid resistance and cephalothin sensitivity) which was different from those for other Helicobacter spp. (29) . This may be a simple way of distinguishing this cluster from other clusters. No other clusters of Helicobacter spp. had a specific antibiogram.
"G. hominis" grew with distinct, small, translucent colonies that could not be distinguished from those of H. pylori, in contrast to many other spiral-shaped Helicobacter spp. such as H. felis and "Flexispira rappini," which usually grow with a uniform translucent layer. H. felis could, however, be grown as small translucent colonies, and these colonies were usually smaller than those of H. pylori and "G. hominis." Microscopy of the colonies revealed a pleomorphic mixture of curved and spiral-shaped organisms. The majority of the organisms could not be distinguished from H. pylori, even though the organisms seen in sections from gastric biopsy specimens were rather uniform and resembled "G. hominis," but no H. pylori-like organisms were seen. The minority of the organisms were spiral shaped with three to eight tight coils and a wavelength of 1 m. The proportion of spiral-shaped organisms in the colonies depended on the incubation time, with the proportion changing from more curved rods in young cultures to more spiral-shaped rods in older cultures. Thus, the microorganisms seemed to be able to change their morphologies. Recently, we cultured another "G. hominis"-like organism from a human gastric mucosa. This strain did not reveal any spiral forms during the first two subcultures. The human origin and the colony morphology exclude the possibility that other Helicobacter spp. of the cluster except H. pylori were present. The presence of H. pylori was excluded by microscopy of the colonies or histological sections. The ultrastructure revealed no periplasmic filaments in "G. hominis," which is in contrast to the case for most other spiral-shaped Helicobacter spp. However, Eaton et al. (12) found that H. felis had the ability to loose the periplasmic filaments during subculture and that the filaments were absent from two primary isolates. In this respect "G. hominis" showed similarities to H. pylori and H. bizzozeronii, but unlike H. pylori, "G. hominis" had a bundle of up to 14 sheathed flagella in one or both ends of the bacterium. It is uncertain whether the flagella are unipolar or bipolar. In some cases they are seen only at one end of the bacterium. In some bacteria that are clearly dividing, the flagella are present at both ends, but flagella were also present at both ends of some bacteria that did not seem to be dividing. The growth conditions and biochemical reactions for "G. hominis" were very similar to those for H. pylori and H. felis except that H. felis did not grow at 41°C and did not grow as well on selective media. The discrepancies in nitrite and nitrate reactions for H. pylori in this study compared to those in other studies may be due to the test conditions because the test results are often positive after anaerobic incubation but not after microaerobic incubation. The protein profile revealed in "G. hominis" a protein of about 23 kDa which was absent from H. pylori and H. felis, but this may be a strain-specific protein and not a species-specific protein.
The cultured "G. hominis" isolate is a species of the genus Helicobacter that has not previously been cultured from specimens from humans and resembles the previously sequenced "Gastrospirillum" (30) . It is probably of animal origin and cannot be distinguished from H. felis (12) . The name "H. heilmannii" has been used for morphologically similar organisms, but both this species and "Gastrospirillum" spp. may consist of different related species or they may all belong to the species H. felis.
Characteristics of "G. hominis" ("H. heilmannii"). "G. hominis" is a gram-negative, spiral-shaped, motile rod with three to eight coils and a wavelength of about 1 m. It has up to 14 sheathed, uni-or bipolar flagella and no periplasmic filaments. "G. hominis" grows under microaerobic conditions at 36 and 41°C on 7% lysed, defibrinated horse blood agar plates within 3 to 7 days and can be subcultured under microaerobic but not anaerobic conditions on the same media used to culture H. pylori and H. felis. It grows as small translucent colonies that resemble those of H. pylori. "G. hominis" is motile and is oxidase, catalase, nitrite, nitrate, and urease positive, like H. pylori and H. felis. It produces alkaline phosphatase and arginine arylamidase; and, like H. pylori and H. felis, it is sensitive to cephalothin (30 g/disc) and sensitive to most antibiotics, but in contrast to H. pylori and H. felis, it is resistant to nalidixic acid (30 g/disc). The 16S rDNA sequence clusters "G. hominis" together with "Gastrospirillum," H. felis, H. bizzozeronii, H. salmonii, H. nemestrinae, H. acinonychis, and H. pylori.
